Two new furostanol bisdesmosides (1 and 2) and seven known compounds (3-9) were isolated from the leaves of Dracaena thalioides (Agavaceae). The structures of the new compounds were determined on the basis of spectroscopic data and the results of hydrolytic cleavage. The isolated compounds were evaluated for cytotoxic activity against HL-60 human promyelocytic leukemia cells. Compound 5, a glyceroglycolipid-related compound assigned as (2S)-1-O-linoleoyl-3-O--D-galactopyranosylglycerol, was found to induce apoptotic cell death in HL-60 cells with an IC 50 value of 25.8 M.
, based on their physical and spectroscopic data ( Fig. 1) . Compound 4 was obtained as a mixture of the C-25 isomers.
Compound 1 was obtained as an amorphous solid with a molecular formula of C 49 H 80 O 22 , as determined by HRMS-ESITOF (m/z 1043.5039 [M + Na] + , calcd for C 49 H 80 NaO 22 : 1043.5039) and 13 C NMR spectral data. The 1 H NMR spectrum showed signals for four steroidal methyl groups at  H 1.42 (3H, s), 1.35 (3H, d, J = 6.9 Hz), 0.98 (3H, s), and 0.97 (3H, d, J = 8.1 Hz), and an olefinic proton at  H 5.56 (1H, br d, J = 5.8 Hz), as well as signals for four anomeric protons at  6.44 (1H, br s), 4.94 (1H, d, J = 7.6 Hz), 4.81 (1H, d, J = 7.7 Hz), and 4.70 (1H, d, J = 7.6 Hz). The methyl proton signal at  H 1.77 (3H, d, J = 6.1 Hz) and its corresponding carbon signal at  C 19.3 indicated that 1 had a deoxy sugar. Acid hydrolysis of 1 with 0.5 M HCl in dioxane/H 2 O (1:1) yielded a sapogenin identified as (25R)-spirost-5-en-1,3-diol (ruscogenin, 1a) [14] and D-glucose, D-xylose, and L-rhamnose. The identification of monosaccharides, including their absolute configurations, was carried out by direct analysis of the hydrolysate by HPLC using an optical rotation (OR) detector. The above 1 H NMR and chemical data, together with an acetalic carbon signal at  C 110.7 in the 13 C NMR spectrum [14] and positive coloration with Ehrlich's reagent [15, 16] , indicated 1 to be a 22-hydroxyfurostanol bisdesmoside based on ruscogenin with four monosaccharides. Analysis of the 1 
Ehrlich's test suggested that 2 was also a furostanol glycoside. The molecular formula of 2 was C 48 H 75 NaO 23 S, based on HRMS-ESITOF (m/z 1097.4274 [M + Na] + ). The 1 H NMR spectrum of 2 contained signals for four steroidal methyl groups at  H 1.31 (3H, s), 1.29 (3H, d, J = 7.0 Hz), 1.02 (3H, d, J = 6.6 Hz), and 0.97 (3H, s); an olefinic proton at  H 5.49 (1H, br d, J = 6.1 Hz); three anomeric 13 C NMR (125 MHz) spectral assignments of 1 and 2 in C 5 D 5 N protons at  H 5.67 (1H, br s), 4.80 (1H, d, J = 7.8 Hz), and 4.52 (1H, d, J = 7.4 Hz); a methyl group of 6-deoxyhexopyranose at  H 1.73 (3H, d, J = 6.1 Hz); and two acetyl methyl groups at  H 2.09 (3H, s) and 1.93 (3H, s). The above spectral data, together with information from the IR spectrum showing strong absorptions at 1243 cm -1 (S=O) and 1746 (C=O), implied that 2 was a 22hydroxyfurostanol bisdesmoside with a sodium sulfate group and two acetyl groups. The 1 H and 13 C NMR spectral features of 2 were essentially analogues to those of (25R)-26-[(-Dglucopyranosyl)oxy]-22-hyrdoxy-3-sulfofurost-5-en-1-yl O--L-rhamnopyranosyl-(1→2)-O--L-arabinopyranoside sodium salt, isolated from Ruscus colchicus [17] . However, the differences between 2 and the reference compound were recognized in the NMR signals for the side chain moiety (C-23-C-27) of the aglycone and the arabinosyl residue. The geminal protons of H 2 -26 of 2 were observed at  H 4.07 (1H, dd, J = 9.4, 5.6 Hz, H-26a) and 3.47 (1H, dd, J = 9.4, 7.1 Hz, H-26b), and the chemical shift difference ( ab =  a - b ) between H-26a and H-26b was 0.60 ppm ( ab >0.57 ppm). Thus, C-25 configuration was deduced to be S according to the empirical rule proposed by Agrawal [18] . This was supported by the 13 C NMR signals assigned to C-23-C-27 of 2, which agreed with those of 3 rather than those of the reference compound. The 1 H NMR signals for the -L-arabinosyl unit (Ara) were assigned by tracing out the proton spin-coupling correlations by the 1 H-1 H COSY spectrum, starting from the anomeric proton signal at  Compounds 1-9 were evaluated for cytotoxic activity against HL-60 cells. Compound 5 was cytotoxic to HL-60 cells with an IC 50 value of 25.8 M, whereas etoposide, which was used as a positive control, gave an IC 50 value of 0.37 M. Compounds 1-4 and 6-8 did not show cytotoxicity at sample concentrations of 30 M. HL-60 cells treated with 5 (20 g/mL) for 17 h were observed by fluorescence microscopy after being stained with 4′,6-diamidino-2-phenylindole dihydrochloride (DAPI). The cells exposed to 5 and etoposide displayed nuclear chromatin condensation and apoptotic bodies ( Figure 2 ). These morphological changes suggested that HL-60 cell death caused by 5 was partially mediated through induction of apoptosis.
Experimental
General experimental procedures: Optical rotations were measured using a JASCO P-1030 (Tokyo, Japan) automatic digital polarimeter. IR spectra were recorded on a JASCO FT-IR 620 spectrophotometer. NMR spectra were recorded on a Bruker DRX-500 (500 MHz for 1 H NMR, Karlsruhe, Germany) spectrometer using standard Bruker pulse programs. Chemical shifts are given as  values in reference to tetramethylsilane (TMS) as an internal standard. MS-ESITOF data were recorded on a Waters-Micromass LCT mass spectrometer (Manchester, U.K.).
Diaion HP-20 (Mitsubishi Chemical, Tokyo, Japan), silica gel (Fuji Silysia Chemical, Aichi, Japan), and ODS silica gel (Nacalai Tesque, Kyoto, Japan) were used for column chromatography (CC). TLC was carried out on silica gel 60 F 254 (thickness: 0.25 mm, Merck, Darmstadt, Germany) and RP18 F 254 S plates (thickness: 0.25 mm, Merck), and spots were visualized by spraying the plates with 10% H 2 SO 4 aqueous solution, followed by heating.
HPLC was performed using a system composed of a CCPM pump (Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), an RI-8010 (Tosoh) detector, and a Rheodyne injection port. A TSK-gel ODS-100Z column (10 mm i.d. × 250 mm, 5 m, Tosoh) was employed for preparative HPLC. The following materials and reagents were used for cell culture assay: Table 1 . 13 Table 1 . 13 
Cell culture and assay for cytotoxic activity against HL-60 cells:
HL-60 cells, which were obtained from Human Science Research Resources Bank (JCRB 0085, Osaka, Japan), were maintained in the RPMI 1640 medium containing 10% heat-inactivated FBS and antibiotics (100 units/mL penicillin G sodium salt and 100 g/mL streptomycin sulfate) in a 5% CO 2 humidified incubator at 37 C. The cells were washed and resuspended in the medium to 4 × 10 4 cells/mL, and 196 L of this cell suspension was divided into 96well flat bottom plates. The cells were incubated in 5% CO 2 /air for 24 h at 37 C. After incubation, 4 L of EtOH/H 2 O (1:1) solution containing the sample was added to give the final concentrations of 0.1-30 M, and 4 L of EtOH/H 2 O (1:1) was added into control wells. The cells were further incubated for 72 h in the presence of each agent, and then cell growth was evaluated by a modified MTT reduction assay [19] . At the end of incubation, 10 L of 5 mg/mL MTT in phosphate-buffered saline was added to each well, and the plate was further incubated in 5% CO 2 /air for 4 h at 37 C. Then the plate was centrifuged at 1500g for 5 min to precipitate MTT formazan. An 150 L aliquot of supernatant was removed from each well, and 175 L of dimethyl sulfoxide (DMSO) was added to each aliquot to dissolve the MTT formazan crystals. The plate was mixed on a microplate mixer for 10 min, and then read on a microplate reader (Spectra Classic, Tecan, Salzburg, Austria) at 550 nm. Each assay was done in triplicate and cytotoxicity was expressed as IC 50 , which is the concentration that reduces the viable cell number by 50%.
